The preliminary results of a study are usually presented as an abstract in conference meetings. The reporting quality of those abstracts and the relationship between their study designs and full paper publication rate is unknown. We hypothesized that randomized controlled trials are more likely to be published as full papers than observational studies. Methods: 154 oral abstracts presented at the World Congress of Sports Injury Prevention 2005 Oslo and the corresponding full paper publication were identified and analysed. The main outcome measures were frequency of publication, time to publication, impact factor, CONSORT (for Consolidated Standards of Reporting Trials) score, STROBE (for Strengthening the Reporting of Observational Studies in Epidemiology) score, and minor and major inconsistencies between the abstract and the full paper publication. Results: Overall, 76 of the 154 (49%) presented abstracts were published as full papers in a peer-reviewed journal with an impact factor of 1.946 ± 0.812. No significant difference existed between the impact factor for randomized controlled trials (2.122 ± 1.015) and observational studies (1.913 ± 0.765, p = 0.469). The full papers for the randomized controlled trials were published after an average (SD) of 17 months (± 13 months); for observational studies, the average (SD) was 12 months (± 14 months) (p = 0.323). A trend was observed in this study that a higher percentage of randomized controlled trial abstracts were published as full papers (71% vs. 47%, p = 0.078) than observational trials. The reporting quality of abstracts, published as full papers, significantly increased compared to conference abstracts both in randomized control studies (CONSORT: 5.7 ± 0.7 to 7.2 ± 1.3; p = 0.018, CI -2.7 to -0.32) and in observational studies (STROBE: 8.2 ± 1.3 to 8.6 ± 1.4; p = 0.007, CI -0.63 to -0.10). All of the published abstracts had at least one minor inconsistency (title, authors, research center, outcome presentation, conclusion), while 65% had at least major inconsistencies (study objective, hypothesis, study design, primary outcome measures, sample size, statistical analysis, results, SD/CI). Comparing the results of conference and full paper; results changed in 90% vs. 68% (randomized, controlled studies versus observational studies); data were added (full paper reported more result data) in 60% vs. 30%, and deleted (full paper reported fewer result data) in 40% vs. 30%. Conclusions: No significant differences with respect to type of study (randomized controlled versus observational), impact factor, and time to publication existed for the likelihood that a World Congress of Sports Injury conference abstract could be published as a full paper.
Background
A considerable proportion of health care research are first presented at conferences and meetings, and published as abstracts in the proceedings. Although many of the conference abstracts are subsequently published as full papers in peer-reviewed journals, the data presented in the abstracts at these conferences may be inconsistent with the manuscripts of the final published papers. Conference abstracts may present preliminary results of an ongoing study which might be the reason for data inconsistency compared to the corresponding full paper publication.
Publication rates of 32% to 67% have been published for orthopedic meetings in the past [1] . However, to date there are no reports analyzing the reporting quality of conference abstracts and its corresponding published full paper abstracts. In addition, there are no analysis assessing the correlation between the study type (randomized, controlled trial, observational study, and so forth) and the publication rate.
The 1st World Congress on Sports Injury Prevention was held at the Holmenkollen Park Hotel in Oslo, Norway in June 2005. All abstracts were published as supplements of the British Journal of Sports Medicine. We hypothesized that abstracts for randomized controlled trials (which are clinical trials that are based on a higher level of evidence than observational studies) were more likely to be published than were observational studies following the abstract presentation at the World Conference of Sports Injury Prevention 2005 in Oslo.
We evaluated the publication rate and data consistency between the conference abstracts and the corresponding full paper publication presented at the first World Congress of Sports Injury Prevention in Oslo 2005. We used the CONSORT (Consolidated Standards for Reporting Trials) criteria for randomized-controlled trials [2] and the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology) criteria for observational studies [3] and for minor and major inconsistencies. To date, there are no publications reporting the quantity of each study design in conference abstract presentations and the relationship between the study design and whether the studies were ultimately published as full papers.
Methods
All 154 oral abstracts from the 1st World Conference on Sports Injury Prevention in Oslo 2005 were analyzed in a database. PubMed and Medline online searches were performed as continuous follow up over a 42-month period to ascertain whether the presented oral abstracts were followed by full paper publication. These searches were done using the authors names (first, second, and last authors, each searched individually); then they were compared with probable keywords and title phrases of the abstract. When full paper publications were identified, the title of the full paper publication, the name(s) of authors, the location(s) where research was conducted, study design, sample size, follow-up duration, number of withdrawals, and study results data were compared with the information available from the conference abstracts. Verification of conference abstracts and their corresponding full paper was performed. The following items were verified: same title and author name(s); same location(s) for research; consistent study designs, follow-up durations, and numbers of withdrawals; and no major differences in study results data. Multiple full paper publications for a single abstract were also identified; just the first full paper publication was used for analysis.
For each conference abstract and its corresponding full paper publication, CONSORT abstract criteria for all randomized (Additional file 1: Appendix 1), controlled trials and STROBE for all observational studies (Additional file 1: Appendix 2) were applied. Scores were calculated for 17 CONSORT criteria and 22 STROBE criteria for all conference abstracts; two investigators independently assessed each conference abstract and the corresponding full paper publication abstract and calculated the score. The mean score of both investigators in each abstract was taken. Inter-rater variability was 6%.
Clinical studies with known study designs were separated from experimental studies. A randomized controlled trial was identified if the abstract described a prospective study in which individuals were allocated at random to an intervention or a control group. Observational studies included cohort, case-control, and crosssectional studies; systematic reviews; and case series and case reports. If the study design was still unclear after attempts to match it with the formats outlined above, abstracts were analyzed by both researchers together (UY and KK). Among the facets of each study that were re-analyzed were how the study was performed; patient recruitment; study duration and setting; intervention and follow up; statistical data, analysis and data in the results. Furthermore, the entire abstract was searched for specific words like "prevalence", "placebo", "blinded", "random", "questionnaire", "lab techniques (PCR, Western/Southern/Northern-blot)", "odds ratio", and "relative risk" to determine the study design.
In addition to the above, the names and numbers of authors; the numbers of centers (location where research was conducted); the objective and/or hypothesis; the author's interpretation of data; sample size and study results; standard deviations (SD) and confidence intervals (CI) (actual numbers); location(s) of study; and method of study (randomized controlled trial, observational trial, statistical analysis, primary outcomes) were all recorded. For randomized controlled trials, follow-up duration, method of randomization, blinding, use intentto-treat analysis, and number of withdrawals/dropouts were also noted.
Outcome measures
The scores of 17 CONSORT criteria and 22 STROBE criteria for reporting were determined. Publication rate, publication time, minor and major inconsistencies between conference abstracts, and whether the study was ultimately published as a full paper were measured. Minor inconsistencies included differences in title, authors, research center, presentation of all outcomes (p-value, confidence interval, Pearson), and authors' interpretation of data (conclusion). Major inconsistencies included discrepancies in study objective and/or hypothesis, study design, primary outcome measures, sample size, statistical analysis, results, and standard deviations/confidence intervals. The primary outcome was defined as the main outcome reported in an abstract. If the amount of reported result data in the abstract did not match the full paper it was described as "results different". Mismatches in the amount of study result data presented between the abstract and the full paper were reported in four categories. If the full paper reported fewer result data than were presented in the abstract, it was reported as "data deleted". A full paper with more result data than were present in the abstract was reported as "data added"; if completely result different data were reported in the full paper in comparison to the abstract, it was described as "results completely changed". For the specific instance in which just the standard deviation, confidence interval, injury rate, or incidence changed, it was described as "SD/CI, Injury rate, Incidence changed". The impact factor, which is dependent on the year and the journal's distribution of the published abstracts, was also determined.
Statistics
Descriptive statistics consisted of the calculation of frequencies and percentages. Clopper and Pearson analysis were used for binomial proportion confidence interval. The T-test was used to compare minor and major inconsistencies, the CONSORT and STROBE score, and the impact factors between randomized, controlled trials and observational studies. Chi-squared tests were used to compare publication rates, odds ratios, 95% confidence intervals, and p values according to the different countries. Statistical significance was defined as p < 0.05. Data were analyzed using the SPSS statistical software package Version 14.0 and StatXact version 6.
Results
Publication rate and impact factor 154 conference abstracts were analyzed. 14 (9%) were randomized controlled trials; 135 (88%) were observational studies; and 5 (3%) were experimental studies. Overall, 76 (49%) of the 154 conference abstracts were published as full papers in peer-reviewed journals, with an impact factor of 1.946 ± 0.812. 71% (10) of RCTs, 47% (63) of observational studies, and 60% (3) of experimental studies were full paper published. There was no significant difference between the impact factor for randomized clinical trials (2.122 ± 1.015) compared to that for observational studies (1.913 ± 0.765, p = 0.469). For randomized controlled trials the full paper was published on an average (SD) of 17 months (± 13 months), compared to 12 months (± 14 months) for observational studies (p = 0.323). There was a trend towards more percentage of randomized controlled trial abstracts being published as full papers (71% vs. 47%, p = 0.078), but there was no statistical significance. Two abstracts were associated with multiple full paper publications.
Twelve conference abstracts were published as full papers prior to the presentation at the Congress in June 2005 (-11 months ± 10 months). Most conference abstracts were published as full papers during the first three years after the meeting; 40.8% after the first year, 15.8% in the second year; and 13.2% in the third year ( Figure 1 ). About one-third of the conference abstracts were published as full papers in the American Journal of Sports Medicine or the British Journal of Sport Medicine, with 16% for each (CI 8 to 26), respectively, followed by the Scandinavian Journal of Medicine & Science in Sports (10%, CI 4 to 18, Table 1 ).
Publication rates according to country
Abstracts originated from 25 countries: 53% were from Europe (n = 81), 24% from Oceania (n = 37), 17% from North America (n = 26), 5% from Asia (n = 8) and 1.3% from Africa (n = 2). All randomized, controlled trial conference abstracts from Norway, the United States, Canada, and Sweden were published as full papers ( Table 2) .
Changes in quality from conference abstract to full text publication
The quality in reporting increased from the conference abstract to the full paper publication abstract in both randomized controlled trials and observational studies. The CONSORT score for randomized controlled trials increased from 5.7 ± 0.7 to 7.2 ± 1.3 (p = 0.018, CI -2.7 to -0.32, score range 1-17). Improvements were reported in trial designs, participants, and intervention. The STROBE score for observational studies increased from 8.2 ± 1.3 to 8.6 ± 1.4 (p = 0.007, CI -0.63 to -0.10 score range 1-22). Improvements were seen in titles, background, and objectives (Tables 3 and 4 ).
Minor and major inconsistencies
No significant differences in major and minor inconsistencies according to randomized controlled trials (2.6 ± 0.7 vs. 2.8 ± 1, p = 0.488) and observational studies (1.9 ± 1.3 vs. 1.6 ± 1.4, p = 0.656) were reported. All of the published abstracts had at least one minor inconsistency (RCT: 10 (100%), observational study: 63 (100%)); 65% of the abstracts had at least one major inconsistency (RCT: 8 (80%), observational study: 41 (54%)). Minor inconsistencies were much more prevalent and included changes in the presentation of the outcomes (100% vs. 95%), changes in title (80% vs. 87%), changes in authorship (50% vs. 57%), changes in interpretation (20% vs. 25%), and changes in research center (10% vs. 17%, Table 5 ). The most common major inconsistencies included changes in results and sample sizes. For the changes in results (randomized controlled trials vs. observational studies, respectively), data were added (60% vs. 30%), deleted (40% vs. 30%) and completely changed (0% vs. 5%) in abstracts compared to the full paper publications (Table 6 ). Table 7 shows the number of inconsistencies per conference abstract/full paper pairing. The respective differences for study objective/ hypothesis, study design, and primary outcome measures were (0% vs. 11%), (0% vs. 13%) and (10% vs. 16%) (for randomized, controlled trials vs. observational studies).
Discussion
The principal findings of this study are as follows
Only about half of the abstracts presented at the 1 st World Conference of Sports Injury Prevention were published as full papers in a peer-reviewed journal within three years of their conference presentation. Although we encountered a trend towards more percentage of RCT abstracts being published as full papers rather than observational trial abstracts, this difference did not reach statistical significance. The impact factor of full paper published randomized controlled trials was 2.122, similar to that of observational studies with 1.913, subsequent to the Oslo conference presentation. Time to full paper publication did not differ significantly between randomized, controlled trials (17 months ± 13 months) and observational studies (12 months ± 14 months). Notably, 12 abstracts were published as full papers prior to the Oslo conference. Thus, the primary hypothesis has to be rejected. The above observations should be discussed in detail. We thought that the study design of a given conference abstract presented at an international sports injury prevention conference influenced the likelihood of publication of a subsequent full paper. Given the enormous complexity, costs, and effort spent performing a randomized, controlled trial in sports injury prevention rather than an observational study, we believed that the rate of publication of abstracts presented as randomized clinical trials should be higher than for observational studies. However, there was no statistical significance of the full paper publication rate between RCTs and observational studies. It is possible that this is due to the small amount of RCTs. Time to full paper publication and impact factor also did not differ significantly.
The wide variation in full paper publication rates for abstracts presented at diverse medical and scientific congresses has been studied and extensively reported. For example, Bhandari et al [4] noted a publication rate of 34% for orthopedic conference abstracts and inconsistencies in the primary outcome measure in 14% and 19% of results between the first presentation of the abstracts in 1996 and final full paper publication (4.7year follow-up). Kleweno [5] analyzed the American Orthopaedic Society for Sports Medicine (AOSSM) abstracts and subsequent full papers from 1999 to 2001 regarding potential minor and major inconsistencies. While 59.4% of the AOSSM abstracts were published as full papers within 21 months after presentation, minor and major inconsistencies were evident in more than half of the full papers compared with the initial abstract presented. Comparing the distribution of different study designs in sports injury prevention conferences, randomized, controlled trials represent about 10% of all oral presentations [6] . Our findings showed a 49.4% full paper publication rate within three years and major inconsistencies in 65% of abstract/full paper pairings are comparable with these studies. However, these studies did not analyze the impact of the study design in the initial abstract on the likelihood of subsequent publication. Sprague [7] has highlighted three main potential reasons for why conference abstracts are not published as full papers:
1. not enough time to prepare a manuscript for full paper publication, 2. the studies are ongoing, and 3. relationships with co-authors could cause a barrier to final publication.
Another explanation, for an abstract that did not lead to a peer-reviewed journal full paper publication, is that the project did not survive the peer-review process of a journal, even if it has passed the peer review process for the conference. While abstracts submitted for scientific meetings are typically graded by a review committee, the details on the research methodology contained within the short abstract are at best very limited. In some circumstances, subjecting a full manuscript to peer review might reveal significant methodological flaws, preventing the abstract from appearing as a full paper [8] .
Clarity of reporting is a prerequisite to evaluation. Clear, transparent, and accurate reporting in abstracts is important as well. To increase the rate of full paper publication and to decrease both major and minor inconsistencies in conference meeting abstracts, a substantial and comprehensive use of the CONSORT criteria for randomized controlled trials and the STROBE criteria for observational studies should be endorsed [2, 3, 9] .
We strongly believe that STROBE and CONSORT recommendations on reporting of research might substantially increase the quality in reporting sports injury conference abstracts, potentially leading to a higher rate of full paper publications in the future. However, the statements should not be interpreted as an attempt to prescribe the reporting of observational research in a rigid format. The checklist items should be addressed in sufficient detail and with clarity at some point in an article, but the order and format for presenting information depends on author preferences, journal style, and the traditions of the research field [3] .
Limitations
Several study limitations should be noted. First, we evaluated the quality of reporting, which is not the same as the methodologic quality of the study. It is possible that a poorly reported study is well designed and executed, and a well-reported one may have several shortcomings. Second, we were only able to evaluate the information presented in the conference abstract. It is possible that due to the limited information in abstracts, study designs could have been misinterpreted, or there could have been insufficient comparison of results data. In particular, the reported primary outcome in an abstract may not be the primary outcome of the study design. In some instances, a full paper publication may report an outcome different from the primary outcome. For example, conference abstracts are more likely to report interim analyses than are full paper publications [9] . And also a single study could be published as more than one abstracts in which they could conclude different results. Therefore (which served as a constraint in our study), we defined the primary outcome as the main outcome reported in an abstract. Given the suggestions of the conference committee regarding the abstract format and the restricted word count, one must note that the implementation of more comprehensive reporting in abstracts might be limited by the organizers' requirements of abstract format.
Another separate possible limitation in our analysis was that we used only the first full paper publication for analysis in instances where abstracts were associated with multiple publications. However, the amount of multiple full paper publication is small and would not significantly change our results. It is also possible that multiple abstracts existed for one full paper publication and that these abstracts were from presentations given at other meetings.
The median follow-up time was 42 months, in line with the fact that most abstracts followed by a full paper article were published within 36 to 48 months [10, 11] .
It is possible that some abstracts were full-paper published after our literature search, or that some have yet to be published, which would lead to underestimations in our final full paper publication rate. We may also have missed full paper publications that are not indexed in the PubMed database.
Finally, the CONSORT criteria was suggested primarily for randomized controlled trials, which in this particular case only accounted for about 10% of the study designs in conference abstracts. We also acknowledge that STROBE is currently limited to three main observational study designs: cohort, case-control, and cross-sectional studies. No statements or checklists for experimental or other study designs were available.
Conclusions
After presentation at the World Congress of Sports Injury Prevention in 2005, only about half of the abstracts were published as full papers in a peerreviewed journal within three years of the conference presentation. No significant difference was observed in the likelihood of full paper publication for randomized clinical trials versus observational trials.
